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Abstract
Introduction 43 Even though the incidence of shigellosis has been reduced significantly worldwide through improved 44 sanitation and safer water supply, it is still one of the major causes of fatalities from diarrhoeal diseases 45 annually, especially in sub-Saharan Africa and South Asian under-five children (1, 2). There are four 46 members of this species -S. dysenteriae, S. flexneri, S. boydii, and S. sonnei, and Shigella dysenteriae 47 type 1 is responsible for the most severe form of shigellosis. However, no incidence of S. dysenteriae 48 type 1 has been reported since 2004. For the last 35 years, S. flexneri has been found as the 49 predominant species in Bangladesh (3), while we observed a major swing in the epidemiology of 50 Shigella speciesmostly over the last two decades. In 2010, the prevalence of S. sonnei was 27%, 51 while in 2000 it was 8% (3, 4). Shigella can be easily transmittable through the fecal-oral route. With 52 no effective vaccine, low infectious dose -approximately 10-100 organisms (5) -and with the 53 emergence of multi-drug resistant Shigella spp. (6), it is still wise to consider Shigella as a major 54 threat, that can wreak havoc on any public health system in any developing tropical country, especially 55 one like Bangladesh. 56 57 After getting into the gastrointestinal tract these pathogens pass through the acid barrier of the stomach, 58 multiply in the intestine and reach the colon, where they invade colonic mucosa and multiply again. 59
Afterward, these organisms are taken up by the macrophages, where they induce cell death, causing the 60 release of proinflammatory cytokines outside, attracting the natural killer cells and the 61 polymorphonuclear neutrophils. These events destroy the gut mucosa cell lining and result in the 62 dysenteric illness (7) . 63
64
The cellular pathogenesis and clinical presentation of dysenteric illness are mediated by multiple 65
Shigella virulence factors including, p140, enterotoxins and Type 3 Secretion system (T3SS). The p140 66 is a 200 kb long large virulence plasmid containing 100 genes with a 31 kb conserved "entry region". 67
This part of the plasmid is composed of 34 genes, divided into 4 functional groups. Group I contains 68 the effector genes, encoding the invasion plasmid antigen (Ipa), secreted via the T3SS. These Ipa 69 proteins manipulate the host cell processes in favor of the pathogen (8). Group II consists of 70 membrane expression of ipa (mxi) and surface presentation of ipa (spa) genesencoding Mxi and Spa 71 proteins -required to secrete the Ipa and other effector proteins (9). Group III is made of two 72 regulatory genes-virB and mxiE -regulating the T3SS genes (10). And Group IV contains chaperone 73 protein-coding genes, required to stabilize the T3SS substrates within the bacterial cytoplasm (11) . 74
However, all operations of p140 are strictly controlled by the global regulatory elements described 75 elsewhere (7). 76
77
The toxins are an essential virulence factor for Shigella species. And unlike ShET2 -encoded by the 78 sen gene, located in p140 -Shiga toxin (Stx) and Shigella enterotoxin 1 (ShET1) are encoded in the 79 chromosome. Stx is found in S. dysenteriae type 1 -also in enterohemorrhagic E. coli (12) -and 80 ShET1 is seen in S. flexneri (13). However, Stx is responsible for a more severe form of 81 complications, including hemolytic-uremic syndrome, even death (14). 82
83
The T3SS is a needle-like apparatus, composed of a base, needle, inner membrane export apparatus, 84 cytosolic components, tip complex, and the translocons. The base spans over both outer membranes, 85 composed of 2 concentric rings. The outer ring is formed with MxiD protein, and the inner ring is made 86 of MxiG and MxiJ proteins (15). The outer rod of the needle is made of mostly by multiple (~100) 87 copies of MxiH protein, arranged in a helical pattern. However, the inner rod is made of MxiI, 88 determining the needle-length. The inner membrane export apparatus consists of five conserved 89 proteins -MxiA, Spa24, Spa9, Spa29, Spa40 -acting as a protein channel and facilitating the target 90 proteins through the inner membrane (15). The cytosolic components recruit, unfold and transport the 91 substrates following contact with the host cell, while a linker protein -MxiN -recruits the cytosolic 92 components -e.g., ATPase -to the sorting platform (16). The activation of the needle complex occurs 93 following the contact with the host cell, mediated by the tip complex -i.e., IpaB, IpaC, IpaD (17) -94 leading toward the passage of effectors into the host cell and initiating the pathogenesis. These cellular 95 events often lead to serious illness in humans, ranging from diarrhea with tenesmus and high fever to 96 serious life-threatening complications such as Shigella encephalopathy, hemolytic uremic syndrome, 97 even death. 98 99 Given the fact that shigellosis is a major public health concern in Bangladesh and its molecular 100 background is well known, this study is aimed to evaluate the relationship between Shigella virulence 101 (ipaH, ial), toxin (set, sen), and T3SS related genes (virB, ipaBCD, ipgC, ipgB1, ipgA, icsB, ipgD, 102 ipgE, ipgF, mxiH, mxiI, mxiK, mxiE, mxiC, spa15, spa47, spa32, spa24) MDa -were observed in around 94% strains, thus regarded as core plasmids. Nonetheless, the overall 171 plasmid population was heterogeneous (Fig 1) . 172 173 Assessment of enterotoxin and virulence genes 174 All of the 61 S. flexneri strains were analyzed to evaluate the presence of virulence (ipaH, ial) and 175 toxin (set, sen) genes by PCR assay. All were found ipaH positive, while ial was found in 54 isolates. 176
All of the 7 ial negative strains were also p140 negative, but 6 ial positive strains were found p140 177 negative. sen was found positive in 49 strains and was found negative in 12. All of the sen negative 178 strains were also p140 negative. In the case of set, 34 S. flexneri strains were found set positive and 27 179 were set negative. Out of the 27 set negative strains, 22 were both set1A and set1B negative, and the 180 remaining 5 were negative for either set1A or set1B. However, all S. flexneri 1b and 1c strains were set 181 negative (Fig 2, 3) . 182 183 Assessment of T3SS related virulence genes 184 Of the 32 genes responsible for T3SS in Shigella species 18 different virulence genes -virB, ipaBCD, 185 ipgC, ipgB1, ipgA, icsB, ipgD, ipgE, ipgF, mxiH, mxiI, mxiK, mxiE, mxiC, spa15, spa47, spa32 and 186 spa24 -were analyzed in this study by PCR (Fig 2, 3) . In these 61 strains, ipaBCD was found 187 predominant and observed in 90% cases. The prevalence of ipgC and ipgE was 85% (52/61), virB and 188 ipgA was 82% (50/61), mxiK and spa24 was 70% (43/61), and for mxiH, mxiI, spa15, spa47 the 189 prevalence was 80% (49/61). The prevalence of the rest of the genes -ipgD, ipgF, spa32, ipgB1, mxiE, 190 icsB, and mxiC -was 79, 77, 75, 72, 66, 44 and 36 percent respectively. Although 13 strains were found 191 to be p140 negative, none of those strains were completely free of T3SS genes. At least one T3SS 192 related gene was present in every one of them. In two strains -K-1080 (S. flexneri 2a) and K-842 (S. 193 flexneri 1c) -this count was 17 and 6, respectively (Table 1) . 194 (Table 2 ). In total, nine statistically significant 210 associations were found (all p<0.05). Both of the enterotoxin genes -set and sen -were found highly 211 associated with the following clinical features: mucoid stool (p=0.008), blood in stool (p=0.002) and 212 rectal straining (p=0.004). These two toxin genes were also found to be associated with fever 213 (p=0.020). And lastly, another association was found between the ial gene and abdominal pain 214 (p=0.030). 215
Clinical information

Discussion
217
In this study, 61 randomly selected strains of S. flexneri were analyzed. Plasmid profiling was done for 218 all of them to detect the status of 140 MDa large virulence plasmid (p140). PCR assay was done 219 individually to determine the status of virulence (ipaH, ial), toxin (set, sen) and T3SS related genes 220 (virB, ipaBCD, ipgC, ipgB1, ipgA, icsB, ipgD, ipgE, ipgF, mxiH, mxiI, mxiK, mxiE, mxiC, spa15, 221 spa47, spa32, spa24) . In this study, we designed the primers for mxiE -a T3SS regulator -and spa15 -222 a T3SS chaperone -genes with a web-based bioinformatics tool, primer3plus. The validity of these 223 primers was confirmed, when the predicted product size correlated with the band size of the PCR 224 product during gel electrophoresis analysis. 225
226
In these 61 strains, ipaBCD was observed in 90% cases. The prevalence of ipgC and ipgE was 85% 227 (52/61), virB and ipgA was 82% (50/61), mxiK and spa24 was 70% (43/61). For mxiH, mxiI, spa15, 228 spa47 this proportion was 80% (49/61). The prevalence of ipgD, ipgF, spa32, ipgB1, mxiE, icsB and 229 mxiC was 79, 77, 75, 72, 66, 44 and 36 percent, respectively. ipaH was found in all strains, however the 230 presence of the rest of the genes were variable. Out of the 48 p140 positive strains, the frequency of ial, 231 (45/61), 45.9% (28/61), 21.3% (13/61), 11.5% (7/61), 9.8% (6/61), 3.2% (2/61), 1.6% (1/61) and 1.6% 240
(1/61), respectively. 241 242 Theoretically, the T3SS related genes are located inside the 31 kb "entry region" of p140 (7), but 243 none of these p140 negative strains were found devoid of these genes, completely (Table 1) . One to 244 five T3SS related genes were found invariably, while in K-842 (S. flexneri 1c) and K-1080 (S. flexneri 245 2a), 6 and 17 of such T3SS related genes were detected, respectively. Similarly, multiple clinical 246 features relevant to shigellosis were observed in these p140 negative strains at a varying degree (Table  247 2). And, in K-1080 (S. flexneri 2a) and K-842 (S. flexneri 1c), the clinical traits analyzed in this study 248 were found at a higher proportion, including abdominal pain, bloody mucoid stool, fever, rectal 249 straining, vomiting and an increased state of diarrheal disease severity. As these strains were pathogenic 250 even though they were missing p140, we suspect that these T3SS related genes might be integrated 251 elsewhere within the bacterial genome, which could be mediated by transposons or insertion sequences 252 (25). 253
254
To determine any significant association between any particular clinical feature and tested genes, the 255 Chi-Square test of independence was done and several statistically significant (p<0.05) associations 256 were found. Both of the Shigella enterotoxin genes -set and sen -were found highly significantly 257 associated with the presence of blood in stool (p=0.002), mucoid stool consistency (p=0.008) and rectal 258 straining (p=0.004). However, they were also found significantly associated with fever (p=0.02). The 259 chromosomal gene set is composed of two domains -set1A and set1B -encoding ShET1A and ShET1B 260 proteins, while ShET1A is responsible for the secretory activity, and ShET1B causes the irreversible 261 binding of the toxin to the enterocyte receptors (26). In contrast, the sen gene is plasmid-borne which 262 codes for ShET2 (Shigella enterotoxin 2), causing epithelial inflammation by contributing to the release 13 of Interleukin-8 (IL-8) from the gut epithelium (27). As IL-8 is a chemokine, it attracts and activates 264 the neutrophil at the inflammatory region, causing injury to the nearby cells, such as rectal epithelium 265 (28). This chain of events is probably responsible for the clinical features that we observed in this 266 study, such as bloody mucoid stool, rectal straining, and fever, which also corroborates with the results 267 of the previous studies. 268
269
The ial gene has been reported to direct the epithelial cell penetration by the organism (29), and in 270 our study, we also found ial to be significantly associated with abdominal pain (p=0.03), which 271 reinforces the findings observed in past studies. 1b  1c  1c  1b  1b  1c  1c  1c  1b  1b  2a  2b  1c p140 
